TITLE OF THE INVENTION 
Liquid Crystal Display, Integrated Circuit for Use Therein, and 
Driving Method and Driver of Liquid Crystal Display 
BACKGROUND AND SUMMARY OF THE INVENTION 
5 1. Industrial field: 

The present invention relates to a liquid crystal display 
and to an integrated circuit having a multi-port data output 
section. 

The invention relates also to a driving method and a 
10 driver of liquid crystal display such as active matrix drive 
system and, more particularly, fco; reduction of EMI in a TFT 
liquid crystal display (hereinafter referred to as TFT-LCD 
panel) . 

The invention relates further to a liquid crystal display 
15 and, more particularly, to delivery of signal between a 
dedicated IC for driving the liquid crystal display and a source 
driver IC. 
2 . Prior arts : 

1) Generally, a system in which frequency of data output 
20 signals is lowered and total number of the data output signals 
is increased with respect to data input signals, is called 
multi-port output . For example, when a frequency of data output 
signals is half of that of a data input signal and total number 
of the data output signals is twice as many as that of the data 
25 input signals, it is called two-port output. 




In the arrangement of an electric circuit of a liquid 
crystal display, when an integrated circuit for generating 
display data output signals of two-ports is required, an 
internal clock signal used as a clock signal of a latch circuit 
5 located immediately before the display data output section in 
the integrated circuit is usually generated through a divider 
circuit for dividing into two frequencies to which a clock input 
signal is inputted, lowering a frequency. thereof to be a half 
of the frequency of the clock input signals. 

10 In the output section, the clock output signal is 

generated with the same phase as the point of changing the 
internal clock signal, and the display data output signals are 
generated so as to change with a j bime lag by _a_h.a.l.f_ freq u ency 
oj: J:.h_g___c^ signal (by a period "H" or a period "L" ) 

15 from an active edge of the clock out put signal serving as an 
edge for. latchin_g_Jj i the source d r.iane.r_.IJC..-. 

This means that the display data output signals are 
generated so as to change simultaneously at the same point as 
the active edge of one type of internal clock signal which is 

20 an edge for latching the data with the internal clock signal 
in the circuit. 

Fig. 22 shows diagrams respectively illustrating, in the 
form of voltage waveform, a relation between the input and 
output signal sections in the above-mentioned conventional 

25 integrated circuit for generating the mentioned two port- 
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display data output signals. In the diagrams, reference 
numeral 1 indicates a clock input signal, numeral 2 indicates 
a display data input signal, numeral 3 indicates an internal 
clock signal, numeral 4 indicates a clock output signal, and 
5 numeral 5 indicates a display data output signal. Period of 
the display data input signal 2 is equal to the period 1CLKI 
of the clock input signal 1, and period of the display data output 
signal 5 is equal to the period 1CLK of the internal clock signal 
3 and to the period 1CLK0 of the clock output signal 4 . 1CLK 

10 is a duration equivalent to 2CLKI, and 1CLK0 is a duration 
equivalent to 2CLKI . Arrows of the internal clock signal 3 
indicate active edges (trailing edge in the diagram) of the 
latch circuit located immediately before the display data 
output section in the integrated circuit, and arrows of the 

15 clock output signal 4 indicate active edges (leading edge in 
the diagram) of the latch circuit located immediately after the 
display data input section in the source driver IC to which the 
display data output signal 5 is outputted. 

In the arrangement of electric circuit for any other 

20 system than the liquid crystal display, when an integrated 
circuit for generating a data output signal of multi-port having 
two ports or more with respect to the data input signal is 
required, usually, the internal clock signal in the integrated 
circuit is generated in the same manner as the foregoing through 

25 a divider circuit such that frequency thereof is an inverse 
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number of a value obtained by multiplying the number of output 
ports by an integer. 

In the output section, the data output signal is generated 
so as to change simultaneously at the same point as the active 
5 edge of the internal clock signal which is an edge for latching 
the data with a type of internal clock signal in the circuit. 

Fig. 23 shows diagrams respectively illustrating, in the 
form of voltage waveform, a relation between the input and 
output signal sections in the above-mentioned conventional 

10 integrated circuit for generating a data output signal of 
multiple ports (n ports: n is an optional integer) having two 
ports or more. In the diagrams, reference numeral 1 indicates 
a clock input signal, numeral 3 indicates an internal clock 
signal, numeral 4 indicates a clock output signal, numeral 6 

15 indicates a data input signal, and numeral 7 indicates a data 
output signal. Period of the data input signal 6 is equal to 
the period 1CLKI of the clock input signal 1, and period of the 
data output signal 7 is equal to the period 1CLK of the internal 
clock signal 3 and to the period 1CLKO of the clock output signal 

20 4. 1CLK is a duration equivalent to nCLKI, and 1CLKO is a 
duration equivalent to nCLKI . Arrows of the internal clock 
signal 3 indicate active edges (trailing edge in the diagram) 
of the latch circuit located immediately before the data output 
section in the integrated circuit, and arrows of the clock 

25 output signal 4 indicate active edges (leading edge in the 



diagram) of the latch circuit located immediately after the data 
input section in the circuit to which the data output signal 
is outputted. However, the clock input signal 1 and the clock 
output signal 4 are not always set in the form of input and output 
terminals . 

2) Fig. 24 is a simple block diagram of a driver circuit 
for a TFT-LCD panel, and in which reference numeral 218 
indicates a TFT-LCD panel, numeral 215 indicates a TFT source 
line driver circuit (hereinafter referred to as source driver) 
for displaying the TFT-LCD panel, numeral 217 indicates a TFT 
gate line driver circuit (hereinafter referred to as gate 
driver) for displaying the TFT-LCD panel, numeral 211 indicates 
a display timing control circuit (hereinafter referred to as 
LCD timing controller) for generating various data and timing 
signals necessary for display operation and outputting them to 
the source driver 215 and to the gate driver 217, numeral 212 
indicates a data bus for transferring, for example, a red 
display data (hereinafter referred to as R data) from the LCD 
timing controller to the source driver 215, numeral 213 is a 
data bus for transferring, for example, a green data 
(hereinafter referred to as G data) , and numeral 214 is a data 
bus for. transferring, for example, a blue data (hereinafter 
referred to as B data) . Numeral 216 indicates a transfer clock 
signal line for transferring the display data of R, G, B from 
the. LCD timing controller 211 to the source driver 215. 




Detailed description of the entire operation of the 
arrangement shown in Fig. 2 4 is herein omitted, and the 
operation according to the invention is briefly described below. 
Referring to Fig. 24, in case of SVGA, for example, in the TFT-LCD 
5 panel 218, there exist 600 lines (trains) in each of which 800 
picture elements composed of red, green and blue liquid crystal 
cells are arranged in a row. 

The source driver IC 215 takes, synchronously with the 
clock for data transfer, the display data of the 800 picture 

10 elements sent by each data bus 212, 213, 214 of R, G, B from 
the LCD timing controller 211, and outputs the display data to 
the picture element lines of the TFT-LCD panel 218 after 
converting them to a voltage. At this time, the voltage 
outputted from the source driver IC 215 is taken into one picture 

15 element line specified from among the 600 lines by the gate 
driver IC 217. This operation is performed 600 times to 
complete the display of one picture of panel. Generally, 
rewriting operation of the picture is performed 60 times per 
second . 

20 Fig. 25 is a diagram showing timing waveforms of the data 

bus when each data of R, G, B is transferred from the LCD timing 
controller 211 to the TFT source driver in Fig. 24. 

In this example, to reproduce 64 gradations for each color 
R, G, B, each of the RGB data is formed by a data bus of 6 bits. 

25 Generally, to change the data on these RGB data buses, 
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all buses are changed simultaneously with the transfer clock 
216. Since the source driver IC 215 takes the data 
synchronously with the transfer clock 216 (leading edge of the 
transfer clock 216 in this example) , to make easy the timing 
5 control (to secure data setup and data hold timing) , all data 
are changed at the edge reverse to the edge of the transfer 
clock where the data are taken by the source driver IC 215 ( at 
the trailing edge in this example), as shown in Fig. 25. 
□ Generally in the SVGA panel, frequency of the transfer 

IU 10 clock is so high as to be about 40 MHz ,. and the RGB data, each 
fl 2 being 6 bits and 18 bits in total, are changed in a short period 

:;r of about 25 nS depending on the contents thereof. 

The RGB display data output circuit of the LCD timing 
til controller IC 211, the RGB data buses, and the source driver 

S ."KB 

m 

v3 15 IC 215 connected to the output circuit of the LCD timing 
controller IC 211 respectively shown in Fig. 24 can be shown 
in the form of a simple equivalent circuit as shown in Fig. 26. 

In this equivalent circuit, the RGB data buses and the 
source driver IC are shown as capacity load. That is, in Fig. 

20 26, reference numeral 204 indicates a load capacity obtained 
by aggregating a wiring capacity of the R data bus 212 and an 
input capacity of the plural source driver ICs 215 connected 
to the R data bus, numeral 205 indicates a load capacity obtained 
by aggregating a wiring capacity of the G data bus 213 and an 

25 input capacity of the plural source driver ICs 215 connected 



to the G data bus 213, and numeral 206 indicates a load capacity 
obtained by aggregating a wiring capacity of the B data bus 214 
and an input capacity of the plural source driver ICs 215. 

Among the output circuits for outputting the RGB data in 
5 the LCD timing controller IC 211, numeral 201 indicates an 
output circuit for outputting the R data, numeral 202 indicates 
an output circuit for outputting G data, and numeral 203 
indicates an output circuit for outputting B data. 

It is to be noted that, though the display data of RGB 

10 are respectively formed of 6 bits in this example, the data 
output circuits and capacity load are shown each by 1 bit of 
RGB in Fig. 26. 

3) In most of the conventional liquid crystal displays, 
an output from the dedicated IC is either outputted to the source 

15 driver IC as it is or outputted by inverting the polarity when 
a half number of data are simultaneously changed. 

Fig. 28 is a block diagram showing the delivery of signals 
between the dedicated IC and the source driver IC in the 
conventional liquid crystal display. 

20 In the diagram, reference numeral 301 indicates an 

internal bus for transmitting data of 301 1 to 30 In bits . Numeral 
302 indicates a selector to which data on the internal bas 301 
is inputted, and in which selectors 302i to 302n are provided 
corresponding to the internal bus 301 and each being composed 

25 of an exclusive OR circuit of two inputs. 
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Numeral 303 indicates a register of n bits composed of 
registers 301i to 303n to which output of the selector section 
302 is inputted. Numeral 304 indicates an output buffer section 
composed of output buffers 304i to 304n corresponding to the 
5 register 303 and to which data of the register section 303 are 
inputted, and numeral 305 indicates an output pin composed of 
output pins 305i to 305n corresponding to the output buffer 304 
and from which data of the output buffer 304 are outputted to 
external buses. 

10 Numeral 306 indicates a comparative majority circuit 

which compares the data of the internal bus 301 and outputs a 
judgment output signal J for setting the selector 302 to 
inversion mode. Numeral 307 indicates an exclusive OR circuit 
of the selector 302, numeral 308 indicates a toggle type 

15 flip-flop for outputting a polarity display signal P through 
an output buffer 309 and an output pin 310. Numeral 311 
indicates a clock signal line through which a clock signal CK 
is transmitted, and numeral 312 indicates a reset signal line. 

In the conventional signal delivery circuit of above 

20 arrangement, the selector 302 transmits the signal on the 
internal bus 301, with its polarity as it is or inverted, as 
an input to the register 303. The registers 303i to 303n of n 
bits are initialized to "0" output state by the reset signal 
R and takes the input data synchronously with the clock signal 

25 CK given for each switching of the output from the clock signal' 
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line 311. 

At this time, the comparative majority circuit 306 
compares the input data for each bit corresponding to the data 
inputted for each switching of the output from the internal bus 
5 301 of the register 303, and only when number of different data 
is larger than that of equal data, the judgment output signal 
J is changed to " 1" level, and the selector 302 is set to the 
inversion mode. This judgment output signal J and the polarity 
O display signal P from the toggle type flip-flop 308 are inputted 

j'j* 10 to the exclusive OR circuit 307, and the output from the 
exclusive OR circuit 307 is inputted to the toggle type 
flip-flop 308. The toggle type flip-flop 308 is initialized 
q by receiving the reset signal R, and the stage is inverted by 

jfU receiving the clock signal CK when the output from the exclusive 

s.S 5 

< : Q 15 OR circuit 307 is "1". 

3. Problems to be solved by the invention 

1) As described above, as a result of changing the data 
output signal of multi-ports having two ports or more only at 
one point where is the same point as the active edge of the 

20 internal clock signal, which is an edge for latching the data 
with the internal clock signal to one type of internal clock 
signal during one period of the internal clock signal, in other 
words, as a result of simultaneously changing every data output 
signal only at one point with respect to the time base, a 

25 momentary current generated from the output buffer at the time 
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of changing the data output section is superposed at the same 
one point with respect to the time base and increased 
corresponding to number of output signals. Therefore, a 
problem exists in that electromagnetic wave noise in the 
5 input/output signal section and unnecessary electromagnetic 
interference (EMI) negatively affecting other system and 
circuit are enhanced. 

The invention was made to solve the above-discussed 
problem and has an object of providing an integrated circuit 

10 having a liquid crystal displaLy of high quality and a multi-port 
data output section and in which electromagnetic wave noise in 
the input/output signal section and unnecessary 
electromagnetic interference negatively affecting the other 
system or circuit are reduced. 

15 2) Fig. 27 shows a voltage waveform of respective RGB data 

buses 212, 213, 214 when RGB data referring to Fig. 26 are 
transmitted. 

In case of changing each RGB data to L, H, L synchronously 
with the trailing edge of the data transfer clock, when the data 
20 are changed from L to H, currents Icl, Ic2, Ic3 for charging 
the load capacities 204, 205, 206 flow to each data bus, and 
when the data are changed from H to L, currents Idl, Id2, Id3 
for discharging the load capacities flow to each data bus. 

As these currents flow to a power source of IC 211 and 
25 to GND through the output circuit of the LCD timing controller 
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IC 211, after all, a sum of these currents flows to the power 
source line inside and outside of the LCD timing controller IC 
211 and to the GND line. 

Accordingly, as shown in Fig. 27, in the simultaneous 
5 change of 18 bits in total of each RGB data bus, on condition 
that ■Icl=Ic2 = Ic3=Ic and Idl=Id2=Id3=Id, when the RGB data have 
changed from L to H, a large current 18 times as much as Ic comes 
to flow, and when the RGB data have changed from H toL, a large 
current 18 times as much as Id comes to flow to the power source 

10 line of the LCD timing controller IC and to the GND line. 

In the charge and discharge of capacity load, 
particularly in the charge and discharge of a large current, 
a large change of electromagnetic field, i.e., an 
electromagnetic field noise occurs in and around the current 

15 path. 

For example, it is estimated that the electromagnetic 
field noise occurring when all bits of the 18 bit data have been 
changed simultaneously at the clock period of 40 MHz reaches 
a fairly high level, and in fact there arises a problem such 

20 that a long time and a large amount of labor and cost must be 
spent to satisfy the standard on EMI in the TFT-LCD panel. 

Accordingly, another object of the invention is to 
provide a data transfer method capable of reducing the mentioned 
electromagnetic field noise at the time of transferring display 

25 data from the LCD timing controller to the source driver IC in 
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the TFT- LCD panel. 

3) The delivery of data between the dedicated IC and the 
source driver IC is performed in the mentioned manner in the 
conventional liquid crystal display, and in which the data are 
5 inverted by the selectors only when polarity of more than half 
of n bits has been simultaneously changed. 

For example, supposing 6 bit data most popularly used in 
the liquid crystal display, as red, green and blue have 
respectively 6 bits, total data number becomes 6x3= 18, and 
10 therefore the inversion of data takes place when the majority 
of data (10 data or more) has been simultaneously changed. 

Recently, the noise in the simultaneous change is a 
serious problem in view of preventing EMI . Such a conventional 
improvement is certainly effective when respective 6 bits of 
15 red, green and blue have been simultaneously changed, but the 
effect of changing only one data is shown even when 10 data have 
been changed. 

In the conventional liquid crystal display, since the 
delivery of data between the dedicated IC and the source driver 
20 IC is performed in the mentioned manner , the simultaneous change 
of majority of data output signals is an essential condition 
for the inversion of data. 

The invention was made to solve the above-discussed 
problem and has an object of providing a liquid crystal display 
25 capable of reducing number of simultaneous changes of data 
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output signals by detecting a change between the data. 
4 . Means of solution to the problems 

1) To accomplish the foregoing objects, there is 
provided according to the invention an integrated circuit in 
5 which multi-port data output signals are generated with respect 
to a data input signal, and points of changing said data output 
signals with respect to a time base are set with a time lag one 
anoLtJxer during one period of a reference internal clock signal, 
so that number of simultaneous changes of display data output 
10 signals is reduced. 

It is preferable that, in the mentioned arrangement, the 
points of changing the data output signals with respect to the 
tame base are set to points respectively delayed from an active 
edge of the clock output signal by 0.5 period, 1 period, and 
15 1.5 period of the data input signal. 

It is preferable that the points of changing the data 
output signals with respect to the tame base are set to points 
respectively having a time lacf _o,ne-ano.ther-f-rom the active edge 
of the clock output signal by optional integer times as long 
20 as a half period of the data input signal. 

It is preferable that the points of changing the data 
output signals with respect to the time base are set to points 
respectively having a time l ag one-another-.fr.om the active edge 
of the clock output signal by optional integer times as long 
25 as a half period of the data input signal and by a delay time 
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produced by a delay circuit added to the optional integer times 
as long as a half period of the data input signal. 

There is also provided according to the invention an 
integrated circuit in which multi-port display data output 
5 signals are generated with respect to a data input signal, and 
points of changing said display data output signals with respect 
to a time base are set respectively having a ti me lag on e another 
during one period of a clock output signal or a reference 
internal clock signal having a same phase as the clock output 

10 signal, so that number of simultaneous changes of display data 
output signals is reduced. 

It is preferable that, in the mentioned arrangement, the 
points of changing the display data output signals with respect 
to the time base are set to points respectively delayed from 

15 an active edge of the clock output signal by 0 . 5 period, 1 period, 
and 1.5 period of the clock input signal or the display data 
input signal. 

It is preferable that the points of changing the display 
data output signals with respect to the time base are set to 
20 points respectively having a time lag one another from the 
active edge of the clock output signal by optional integer times 
as long as a half period of the clock input signal or the display 
data input signal. 

It is preferable that the points of changing the display 
25 data output signals with respect to the time base are set to 
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points respectively having a time lag one another from the 
active edge of the clock output signal by optional integer times 
as long as a half period of the clock input signal or the display 
data input signal and by a delay time produced by a delay circuit 
added to the integer times as long as the half period of the 
clock input signal or the display data input signal. 

2) There is provided according to the invention a driving 
method of a liquid crystal display in which when red, green and 
blue color display data composed of plural bits are transferred 
from a display timing^ circuit to a TFT drive circuit for driving 
a TFT liquid crystal panel to display, each transfer is 
performed with a time l a g little jgy little for each bit unit 
formed of plural bits optionally' selected from each of said 
color display data. 

It is preferable that the bit unit is formed for each of 
red, green and blue color display data. 

It is preferable that each bit unit has a part of the plural 
bits forming the red, green and blue color display data. 

It is preferable that the bit unit is transferred with 
a time lag of 2 nanoseconds or longer. 

A driver of a liquid crystal display according to the 
invention comprises: a TFT drive circuit for driving a TFT 
liquid crystal panel to display; a display timing control 
circuit for transferring red, green and blue color display data 
formed of plural bits to the TFT drive circuit for each bit unit 



16 



formed of plural bits optionally selected from each of the color 
display data; and a delay unit provided in the display timing 
control circuit to delay the transfer timing between one bit 
unit and another. 
5 3) A liquid crystal display according to the invention 

comprises: a data supply circuit for supplying image data 
through a signal line to a drive circuit for driving a display 
section; a detector circuit for detecting a coincidence of 
O polarity by comparing a polarity of bit for each predetermined 

fy 10 group of image data outputted by the data supply circuit; a first 
control circuit for outputting the data of the group represented 

I'ZI 

^ by certain data to the signal line when the coincidence of 

O polarity has been detected by the detector circuit; and a second 

fU control circuit for outputting the data of the group restored 

ijj 15 from the certain data of the signal line to the drive circuit 
when the coincidence of polarity of bit has been detected by 
the detector circuit. 

It is preferable that the predetermined group of image 
data are red, green and blue data. 
20 It is preferable that the certain data are red data. 

It is preferable that the first control circuit controls 
the predetermined group of data to be a low potential, except 
the certain data. 

It is also preferable that the second control circuit 
25 forms the predetermined group of data to be same as the certain 
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5. Advantages of the invention 

1) As a result of employing the arrangement described 
above according to the invention, it is now possible to provide 
an integrated circuit having a liquid crystal display of high 
quality and a data output section of multi-ports and in which 
electromagnetic wave noise in the input/output signal section 
and unnecessary electromagnetic interference negatively 
affecting the other system or circuit are reduced. 

It is also possible that, as a result of reducing the 
simultaneous change of the data output signals by generating 
the multi-port data output signals and by setting the points 
of changing the display data output signals with respect to the 
tame base to plural two or three points respectively delayed 
by 0 . 5 period, 1 period, and 1 . 5 period of the clock input signal 
during one period of the clock output signal, amount of change 
at each point with respect to a momentary current generated from 
the entire output buffer at the time of changing the data output 
signals of the data output section is reduced, whereby 
electromagnetic wave noise in the input/output signal section 
and unnecessary electromagnetic interference (EMI) negatively 
affecting other system and circuit are reduced. 

It is also possible that, as a result of reducing the 
simultaneous change of the data output signals by generating 
the multi-port data output signals and by setting the points 
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of changing the display data output signals with respect to the 
tame base to plural points with a time lag one another by optional 
integer times as long as a half period of the clock input signal 
during one period of the reference internal clock signal, amount 
5 of change at each point with respect to a momentary current 
generated from the entire output buffer at the time of changing 
the data output signals of the data output section is reduced, 
whereby electromagnetic wave noise in the input/output signal 
section and unnecessary electromagnetic interference (EMI) 

10 negatively affecting other system and circuit are reduced. 

It is also possible that, as a result of reducing the 
simultaneous change of the data output signals by generating 
the multi-port data output signals and by setting the points 
of changing the display data output signals with respect to the 

15 time base to plural points with a time lag one another by optional 
integer times as long as a half period of the clock input signal 
during one period of the reference internal clock signal and 
by a delay time produced by a delay circuit added to the integer 
times as long as the half period, amount of change at each point 

20 with respect to a momentary current generated from the entire 
output buffer at the time of changing the data output signals 
of the data output section is reduced, whereby electromagnetic 
wave noise in the input/output signal section and unnecessary 
electromagnetic interference (EMI) negatively affecting other 

25 system and circuit are reduced. 
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2) In the drive method of a liquid crystal display 
according to the invention, when the display data of RGB are 
transferred from the LCD timing controller IC to the source 
driver, since the points (timings) for changing RGB data buses 
5 respectively have a time lag little by little so as not to change 
the R data bus, G data bus and B data bus simultaneously, even 
if all of the RGB data bits are changed from L to H or from H 
to L, the current flowing at that time is dispersed, whereby 
electromagnetic field noise can be reduced. 

10 Further, when the display data of RGB are transferred from 

the LCD timing controller IC to the source driver, since the 
bus width of the respective RGB data buses is divided from more 
significant bits by plural bit unit and the points (timings) 
of change respectively have a time lag between one divided data 

15 bit unit and another, even if all of the RGB data bits are changed 
from L to H or from H to L, the current flowing at that time 
is dispersed, whereby electromagnetic field noise can be 
reduced. 

Furthermore, when the display data of RGB are transferred 
20 from the LCD timing controller IC to the source driver, since 
the optimum time lag amount in the points (timings) for changing 
the respective RGB data buses is set to 2 nanoseconds or longer, 
electromagnetic field noise can be reduced without occurring 
any trouble in the data sampling of the source driver IC. 
25 3) The liquid crystal display of above arrangement can 
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perform following advantages. 

Since the liquid crystal display comprises a data supply 
circuit for supplying image data through a signal line to a drive 
circuit for driving a display section; a detector circuit for 
5 detecting a coincidence of polarity by comparing a polarity of 
bit for each predetermined group of image data outputted by the 
data supply circuit; a first control circuit for outputting the 
data of the group represented by certain data to the signal line 
when the coincidence of polarity has been detected by the 
10 detector circuit; and a second control circuit for outputting 
the data of the group restored from the certain data of the signal 
line to the drive circuit when the coincidence of polarity of 
bit has been detected by the detector circuit; the simultaneous 
change of polarity can be reduced. 
I 5 Since a predetermined group of image data are red, green 

and blue data, the data can be processed by each picture element . 

Since the certain data are red data, all of the data can 
be covered by 1/3 data for each picture element. 

Since the first control circuit controls the 
20 predetermined group of data to be a low potential, except the 
certain data, change of polarity can be reduced. 

Since the second control circuit forms the predetermined 
group of data to be same as the certain data, the data can be 
easily restored. 
25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is voltage waveform diagrams each showing a 
relation between input/output sections in an integrated circuit 
for generating 2-port display data output signals in the liquid 
crystal display according to Example 1 of the present invention. 
5 Fig. 2 is a circuit diagram of the integrated circuit for 

generating the display data output signals according to Example 
1 . 

Fig. 3 is a block diagram of the function of the integrated 
O circuit for generating the display data output signals 

IU 10 according to Example 1. 

! = 2 ' Fig. 4 is a block diagram of the function of the integrated 

circuit for generating the display data output signals 
^ according to Example 2. 

iy Fig. 5 is a block diagram of a relation between the 

,g 15 input/output sections of the integrated circuit for generating 
the display data output signals according to Example 3. 

Fig. 6 is a block diagram of the function of the integrated 
circuit for generating the display data output signals 
according to Example 3. 
20 Fig. 7 is a block diagram of the function of the integrated 

circuit for generating the display data output signals 
according to Example 4 . 

Fig. 8 is a diagram of the timing for changing the transfer 
display data according to Example 5 of the invention. 
25 Fig. 9 shows an example of circuit to achieve the data 
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transfer timing shown in Fig. 8. 

Fig. 10 is a diagram to explain the data transfer timing 
shown in Fig . 8 . 

Fig. 11 is a chart of the timing for changing the transfer 
5 display data according to Example 6 of the invention. 

Fig. 12 is a diagram to explain the Example 6. 
Fig. 13 is a diagram to explain the Example 6. 
Fig. 14 is a diagram to explain the Example 6. 
Fig. 15 is a diagram to explain the Example 6. 
10 Fig. 16 is a diagram to explain the Example 6. 

Fig. 17 is a diagram to explain the Example 6. 
Fig. 18 is a diagram to explain the Example 6. 
Fig. 19 is a diagram to explain the Example 6. 
Fig. 20 is a chart of the timing for changing the transfer 
15 display data according to Example 7 of the invention. 

Fig. 21 is a block diagram showing Example 8 of the 
invention . 

Fig. 22 is voltage waveform diagrams each showing a 
relation between the input/output sections in the integrated 
20 circuit for generating the 2-port display data output signals 
in the liquid crystal display according to the prior art. 

Fig. 23 shows voltage waveform diagrams each showing a 
relation between the input/output sections in the integrated 
circuit for generating the multi-port data output signals 
25 according to the prior art . 
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Fig. 24 is a block diagram showing the drive circuit of 
the TFT-LCD panel. 

Fig. 25 is a diagram of the timing for changing the 
transfer display data according to the prior art. 
5 Fig. 26 is a diagram showing an equivalent circuit 

according to an example of the prior art. 

Fig. 27 is a diagram to explain the example according to 
the prior art. 

Fig. 28 is a block diagram showing the delivery of signal 
10 between the dedicated IC and the source driver IC of a liquid 
crystal display according to the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Example 1 . 

Fig. 1 shows voltage waveform diagrams each showing a 
15 relation between the input/output sections in the integrated 
circuit for generating the 2-port display data output signals 
in the liquid crystal display according to Example 1 of the 
present invention. In the drawings, reference numeral 1 
designates a clock input signal, numeral 2 designates a display 
20 data input signal, numeral 3 designates a first internal clock 
signal, numeral 4 designates a clock output signal, numeral 8 
is a second internal clock signal delayed by a half period ( for 
a period "H" or a period "L") of the clock input signal 1 with 
respect to the first internal clock signal 3, numeral 9 is a 
first display data output signal delayed by 0 . 5 period of the 
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clock input signal 1 with respect to the active edge of the clock 
output signal 4 serving as an edge for latching in a source driver 
IC to which the display data signal is outputted, numeral 10 
is a second display data output signal delayed by one period 
5 of the clock input signal 1 with respect to the active edge of 
the clock output signal 4 serving as an edge for latching in 
a source driver IC to which the display data signal is outputted, 
and numeral 11 is a third display data output signal delayed 
by 1.5 period of the clock input signal 1 with respect to the 
10 active edge of the clock output signal 4 serving as an edge for 
latching in a source driver IC to which the display data signal 
is outputted. 

Period of the display data input signal 2 is same as the 
period 1CLKI of the clock input signal 1, and period of the 

15 display data output signal is same as the period 1CLK of the 
internal clock signal and the period 1CLKO of the clock output 
signal 4. 1CLK is an equivalent duration to 2CLKI, and 1CLKO 
is an equivalent duration to 2CLKI . Arrows of the internal 
clock signals 3/ 8 indicate active edges (leading edge and 

20 trailing edge in the diagram) of the latch circuit immediately 
before the display data output section in the integrated circuit, 
and arrows of the clock output signal 4 indicate active edges 
(leading edge in the diagram) of the latch circuit immediately 
after the display data input section in the source driver IC 

25 to which the display data output signal is outputted. 
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For example, supposing that, in the input section, the 
clock input signal 1 is denominated CLKI, and the display data 
input signal 2 is denominated RI [1 :m] , GI [1 :m] and BI [1 :m] , and 
that, in the output section, the clock output signal 4 is 
5 denominated CLKO, m is an optional integer, the first display 
data output signal 9 is denominated R01[l:m] and R02[l:m], the 
second display data output signal 10 is denominated G01[l:m] 
and G02[l:m], the third display data output signal 11 is 
denominated B01[l:m] and B02[l:m], and R01[l:m] and R02[l:m] 

10 are signals obtained by dividing RI [l:m] into two kinds of data, 
GOl [ 1 :m] and G02 [ 1 :m] are signals obtained by dividing GI [ 1 :m] 
into two kinds of data, and B01[l:m] and B02[l:m] are signals 
obtained by dividing BI [ 1 :m] into two kinds of data, the signals 
R01[l:m] and R02[l:m] , G01[l:m] and G02 [1 :m] , and B01[l:m] and 

15 B02[l:m] are generated so that they may change at three 
different points on the tame base. 

That is, by dividing point of simultaneous change, in 
which the data output signals are changed with a delay by 0 . 5 
period, 1 period and 1.5 period of the clock input signal with 

20 respect to the active edge (leading edge in this case) of the 
clock output signal, into three different points, number of 
simultaneous changes of the data output signals is reduced. 

Fig. 2 is an example of circuit diagram for generating 
the output signals in Fig. 1, and in which reference numeral 

25 12 designates a latch circuit, numeral 13 designates a NOT 

26 



# • 

circuit, numeral 14 is a point for connecting either of two dot 
lines, clock signal CLKO-in of the input section is the clock 
output signal 4 in Fig. 8, the display data signals ROl-in [ 1 :m] , 
R02-in [l:m], GOl-in [l:m], G02-in [l:m], BOl-in [l:m] and 
B02-in [l:m] are the display data output signals 5 in Fig. 8, 
and the clock signal CLKO, the display data output signals 
R01[l:m] and R02[l:m], G01[l:m] and G02 [ 1 :m] , and BOl [ 1 :m] and 
B02[l:m] in the output section correspond to numerals 4, 9, 10 
and 11 in Fig. 1, respectively. 

Fig. 3 shows a circuit for generating the output signals 
in Fig. 1 for each function block, and in which reference numeral 
15 designates an internal clock signal generating section, 
numeral 16 designates a clock output signal generating section, 
and numeral 17 designates a data latch section. Referring to 
Fig. 2, reference numerals 12a, 12b, 12c correspond to numeral 
15 in Fig. 3, numeral 12d corresponds to numeral 16, and numerals 
12e, 12f, 12g correspond to numeral 17. In Fig. 3, number of 
solid lines at ROl-in [l:m] , R02-in [l:m] , GOl-in [l:m] , G02-in 
[1 :m] , BOl-in [1 :m] , B02-in [1 :m] , ROl [1 :m] , R02 [1 :m] , GOl [1 :m] , 
G02[l:m], B01[l:m] and B02 [ 1 :m] shows a total number of 
different points of change on the time base, and this drawing 
shows one point of change on the time base in the input section, 
and three different points of change on the time base in the 
output section. 

In this Example 1, number of simultaneous changes of the 
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display data output signals can be reduced to 1/3 at the maximum 
as compared with the conventional integrated circuit, and 
amount of change at each point with respect to a momentary 
current generated from the entire output buffer at the time of 
5 changing the data output signals of the data output section is 
reduced to about 1/3 as compared with the conventional 
integrated circuit, whereby it becomes possible to obtain a 
liquid crystal display of high quality in which electromagnetic 
wave noise in the input/output signal section and unnecessary 

10 electromagnetic interference (EMI) negatively affecting other 
system and circuit are reduced. 

In the setting performed in Fig. 3, in case of dividing 
the point of change into plural different points of change with 
respect to the time base of the display data output signals 

15 R01[l:m], R02[l:m], G01[l:m], G02[l:m], B01[l:m] and B02 [ 1 :m] , 
or changing the three points of change into only two different 
points of change, number of the simultaneous changes of the 
display data output signals is also reduced, and a ratio at the 
time with respect to a momentary current generated from the 

20 entire output buffer at the time of changing the data output 
signals of the data output section is reduced, whereby an 
advantage is performed such that electromagnetic wave noise in 
the input/output signal section and unnecessary 
electromagnetic interference negatively affecting other 

25 system and circuit due to the current are reduced. 
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Example 2 . 

Fig. 4 shows a circuit for generating output signals 
according to Example 2, and this is an example of circuit for 
each function block in which the function block in Fig. 3 is 
5 improved in such a manner that a delay circuit section for 
providing an appropriate delay during the period from input to 
output is added to either before or after the data latch section 
or to both before and after the data latch section. In the 
drawing, reference numeral 15 designates an internal clock 

10 signal generating section, numeral 16 designates a clock output 
signal generating section, numeral 17 is data latch section, 
numeral 18 is a first delay circuit section, and numeral 19 is 
a second delay circuit section. 

Though it is shown in Fig. 4 that points of change of 

15 the display data output signals ROl [1 :m] , R02[l:m], G01[l:m], 
G02[l:m], B01[l:m] and B02[l:m] obtained by the circuit in Fig. 
3 with respect to the time base are divided into six different 
points of change which are twice as many as those of the circuit 
in Fig. 3, it is actually possible to increase the points of 

20 change to a value which is twice as many as number "m" of the 
display data output signals at the maximum. 

In this Example 2, it is possible to reduce the number 
of simultaneous changes of the display data output signals by 
inverse number times as many as the conventional display data 

25 output signals at the maximum, and amount of change at each point 
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with respect to the momentary current of the output buffer 
generated at the time of changing the display data output 
signals is reduced by about inverse number times as many as the 
conventional display data output signals at the maximum, 
5 whereby it becomes possible to obtain a liquid crystal display 
of high quality in which electromagnetic wave noise in the 
input/output sections and unnecessary electromagnetic 
interference negatively affecting other system and circuit are 
Q reduced. 

j2 10 In the setting performed in Fig. 4, in case of dividing 

-jj the point of change into plural different points of change with 

respect to the time base of the display data output signals 
jj R01[l:m], R02[l:m], G01[l:m], G02[l:m], B01[l:m] and B02[l:m] f 

fy or changing the six points of change into any optional number 

vP 15 of points of change, number of the simultaneous changes of the 
display data output signals is also reduced, and a ratio at the 
time with respect to a momentary current of the entire output 
buffer generated at the time of changing the display data output 
signals is reduced, whereby an advantage is performed such that 
20 electromagnetic wave noise in the input/output signal section 
and unnecessary electromagnetic interference negatively 
affecting other system and circuit due to the current are 
reduced . 
Example 3 . 

25 Fig. 5 shows voltage waveform diagrams of a relation 
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between the input/output signal sections in the integrated 
circuit for generating data output signals of multi-port (n 
ports: n is an integer) having two ports or more according to 
Example 3 of the invention. In the drawing, reference numeral 
5 1 designates a clock input signal, numeral 3 designates a first 
internal clock signal serving as a reference, numeral 4 is a 
clock output signal, numeral 6 is a data input signal, numeral 
20 is a second internal clock signal delayed by 0 . 5 period of 
the clock input signal 1 from the first internal clock signal 

10 3, numeral 21 is a first data output signal delayed by 0 . 5 period 
of the clock input signal 1 from the active edge of the clock 
output signal 4, numeral 22 is a second data output signal 
delayed by (n/2) period of the clock input signal 1 from the 
active edge of the clock output signal 4, and numeral 23 is a 

15 third data output signal delayed by ((n/2)+0.5) period of the 
clock input signal 1 from the active edge of the clock output 
signal 4 . Period of the data input signal 6 is same as the period 
1CLKI of the clock input signal 1, and period of the data output 
signal is same as the period 1CLK of the internal clock signal 

20 3 and the period 1CLKO of the clocks output signal 4. Duration 
of 1CLK is equivalent to the duration of nCLKI, and duration 
of 1CLKO is equivalent to the duration of nCLKI . Arrows of the 
edges of the internal clock signals indicate active edges 
(leading edge and trailing edge in the drawing) of the latch 

25 circuit immediately before the data output section in the 
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integrated circuit, and arrows of the edges of the clock output 
signals indicate active edges (leading edge in the drawing) of 
the latch circuit immediately after the data input section to 
which data output signals are outputted. In this connection, 
5 the clock input signal 1 and the clock output signal 4 are not 
always set as input/output terminals. 

In Fig. 5, a part of the internal clock signals delayed 
by integer times as long as a half period of the clock input 
signal 1 from the first internal clock signal 3 which is same 

10 as the second internal clock signal 20, and a part of the data 
output signals delayed by integer times as long as a half period 
of the clock input signal 1 from the active edge of the clock 
output signals 4 which are same as the data output signals 21, 
22, 23 are omitted. 

15 Supposing that, in the input section, the clock input 

signal 1 is denominated CLKI, ml, m2, ... mn are optional 
integers, and the data input signal 6 is denominated DI (1) [1 :ml] , 
DI (2) [1 :m2] , . . . DI (n) [1 :mn] , and that, in the output section, 
the clock output signal 4 is denominated CLKO, the first data 

20 output signal 21 is denominated DO(l) [l:ml], the second data 
output signal 22 is denominated DO(n/2) [l:m(n/2) ] and the third 
data output signal 23 is denominated DO(n+l)/2 [ 1 :m(n+l ) /2 ] , 
the signals DO < 1) [ 1 :ml] , DI(2)[l:m2], ... DI(n)[l:mn] are 
generated so that they may change at n different points on the 

25 tame base. 
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Fig. 6 shows a circuit for generating the output signals 
in Fig. 5 for each function block, and in which reference numeral 
24 designates an internal clock signal generating section, 
numeral 25 designates a clock output signal generating section, 
5 numeral 26 is a data latch section, a clock signal CLKO-in of 
the input section corresponds to the clock signal 4 in Fig. 9, 
data signals DO ( 1 ) -in [ 1 :ml ] , DI (2 ) -in [ 1 :m2 ] , ... DI (n) - 
in[l:mn] correspond to the data output signal 7 in Fig. 9, and 
Q data signals DO ( 1 ) [ 1 : ml ] , DO (n/2 ) [ 1 :m (n/2 ) ] and DO(n+l)/2 

:^ 10 [l:m(n+l)/2] respectively correspond to reference numerals 4, 
^ 21, 22 and 23 in Fig. 5. 

m In this Example 3, it is possible to reduce the number 

O of simultaneous changes of the display data output signals by 

jj Li 

IU inverse number times of a value obtained by adding 1 to the 

15 conventional number of output ports at the maximum, and amount 
of change at each point with respect to the momentary current 
of the output buffer generated at the time of changing the 
display data output signals is reduced by about inverse number 
times of a value obtained by adding 1 to the conventional number 
20 of ports at the maximum, whereby it becomes possible to obtain 
a liquid crystal display of high quality in which 
electromagnetic wave noise in the input/output sections and 
unnecessary electromagnetic interference negatively affecting 
other system and circuit are reduced. 
25 In the setting performed in Fig. 6, in case of dividing 

33 




the point of change into plural different points of change with 
respect to the time base of the display data output signals 
D0(1) [l:ml]., DI (2) [l:m2] , . . . DI (n) [l:mn] , or changing the six 
points of change into any plural points of change, number of 
the simultaneous changes of the display data output signals is 
also reduced, and amount of change at "each point with respect 
to a momentary current of the entire output buffer generated 
at the time of changing the display data output signals is 
reduced, whereby an advantage is performed such that 
electromagnetic wave noise in the input/output signal section 
and unnecessary electromagnetic interference negatively 
affecting other system and circuit due to the current are 
reduced . 

Fig. 7 shows a circuit for generating output signals 
according to Example 4, and this is an example of circuit for 
each function block in which the function block in Fig. 6 is 
improved in such a manner that a delay circuit section for 
providing an appropriate delay during the period from input to 
output is added to either before or after the data latch section 
or to both before and after the data latch section. In the 
drawing, reference numeral 24 designates an internal clock 
signal generating section, numeral 25 designates a clock output 
signal generating section, numeral 26 is data latch section, 
numeral 27 is a first delay circuit section, and numeral 28 is 
a second delay circuit section. 
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Though it is shown in Fig. 7 that points of change of 
the display data output signals D0(1) [1 :ml] , DI (2) [1 :m2] , ... 
DI(n) [l:mn] obtained by the circuit in Fig. 6 with respect to 
the time base are ( (n+ml+m2+ ... +mn)/n) times, that is, they 
5 are divided into ml+m2+ . . . +mn (number of data output signals) 
different points of change, it is actually shown that in this 
case it is possible to increase the points of change on the time 
base to an inverse number times as many as the display data output 
signals at the maximum. 

1° In this Example 4, it is possible to reduce the number 

of simultaneous changes of the display data output signals by 
inverse number times as many as the conventional display data 
output signals at the maximum, and amount of change at each point 
with respect to the momentary current of the output buffer 

15 generated at the time of changing the display data output 
signals is reduced by about inverse number times as many as the 
conventional display data output signals at the maximum, 
whereby it becomes possible to obtain a liquid crystal display 
of high quality in which electromagnetic wave noise in the 

20 input/output sections and unnecessary electromagnetic 
interference negatively affecting other system and circuit due 
to the current are reduced. 

In the setting performed in Fig. 7, in case of dividing 
the point of change into plural different points of change with 

25 respect to the time base of the data output signals D0(1) [l:ml] , 
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DI(2)[l:m2], .... DI (n) [ 1 :mn] , or changing the six points of 
change into any optional number of points of change, number of 
the simultaneous changes of the data output signals is also 
reduced, and amount of change at each point with respect to a 
5 momentary current of the entire output buffer generated at the 
time of -changing the display data output signals is reduced, 
whereby an advantage is performed such that electromagnetic 
wave noise in the input/output signal section and unnecessary 
electromagnetic interference negatively affecting other 
10 system and circuit due to the current are reduced. 
Example 5 . 

Example 5 according to the invention is hereinafter 
described. Fig. 8 is a chart of the timing for changing the 
transfer display data according to Example 5. In Fig. 8, when 

15 RGB data are changed from L to H, timing for changing the G data 
buses (GO, Gl, G2, G3, G4, G5) is delayed by Dl from the R data 
buses (R0, Rl, R2, R3, R4 , R5) , and timing for changing the B 
data buses (BO, Bl, B2, B3, B4, B5) is further delayed by D2 
from the G data buses. 

20 When the RGB data are changed from H to L, timing for 

changing the G data buses is delayed by D3, and timing for 
changing the B data buses is further delayed by D4 . 

In this respect, as to the delays Dl to D4, it is also 
preferred that D1=D3, D2=D4 or Dl=D2=D3=D4 . 
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Fig. 9 shows an example of circuit to achieve the data 
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transfer timing shown in Fig. 8. 

Fig. 9 shows that, in the conventional circuit shown in 
Fig. 26, a delay circuit 207 having a delay time dl is inserted 
in the G data output circuit, and a delay circuit 208 having 
5 a delay time d2 is inserted in the B data output circuit. In 
Fig. 9, same reference numerals are designated to the same parts 
as those of the conventional circuit in Fig. 26, and further 
description is omitted herein. 

In this arrangement, by setting to be dl=Dl and d2=Dl+D2, 
10 the timing shown in Fig. 8 is achieved. 

Note that in the example shown in Fig. 9, Dl=D3 and D2=D4 
referring to Fig. 8. 

Fig. 10 shows voltage waveforms and current waveforms of 
respective RGB data buses 212, 213, 214 when RGB data in Fig. 
15 9 are transferred. 

In the change of each RGB data to L, H, L, when data are 
changed from L to H in the same manner as shown in Fig. 17 
described with reference to the conventional circuit, the 
currents Icl, Ic2, Ic3 for charging the load capacities 20.4, 
20 205, 206 flow to each data bus, and when the data are changed 
from H to L, the currents Idl, Id2, Id3 for discharging the load 
capacities flow to respective data buses. 

As these currents flow to the power source and to GND 
through the output circuit of the LCD timing controller IC 211 
25 in the same manner as the conventional circuit, after all, a 
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sum of these currents flows to the power source line inside and 
outside of the LCD timing controller IC 211 and to the GND line. 

However, as there are time lags Dl, D2 respectively in 
the timing for changing each RGB data bus as shown in Fig. 9, 
even when 18 bits in total are simultaneously changed, the 
currents Icl, Ic2, Ic3 and Idl, Id2, Id3 flow with the time lags 
Dl, D2. Accordingly, though a large current being 18 times as 
much as the current flowing in one output circuit flows at the 
time of changing the RGB data from L to H in the conventional 
circuit, a current as much as 6 bits forming each data bus, i.e., 
a current only 6 times as much as the current flowing in one 
output circuit flows in the example shown Fig. 9. 

That is, as the maximum value of the current flowing 
simultaneously is reduced to 1/3 as compared with the 
conventional circuit, electromagnetic field noise due to such 
a current is also reduced to 1/3 as compared with the 
conventional circuit. 

Though the changes of G data bus and B data bus are delayed 
from the R data bus in this example, the same advantage can be 
achieved by delaying other data bus from the G data bus or B 
data bus. 
Example 6. 

Fig. 11 is a chart of the timing for changing the transfer 
display data according to Example 6 of the invention. 

In Fig. 11, when RGB data are changed from L to H, RO . 
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Rl among the R data buses, GO, Gl among the G data buses and 
BO, Bl among the B data buses are simultaneously changed, and 
R2, R3 among the R data buses, G2 . G3 among the G data buses 
and B2, B3 among the B data buses are simultaneously changed 
5 with their timing for change delayed by Dl . Further, the 
remaining data bits R4, R5, G4, G5, B4, B5 are simultaneously 
changed with their timing for change delayed by D2 . 

When the RGB data are changed from H to L, R2, R3, G2, 
G3, B2, B3 are changed with their timing for change delayed by 
10 D3 from R0 , Rl , GO, Gl, BO, Bl, and R4., R5, G4, G5, B4, B5 are 
changed with a further delayed by D4 . 

In this respect, as to the delays Dl to D4, it is also 
preferred that D1=D3, D2=D4 or Dl=D2=D3=D4 . 

This Example 6 is an improvement of Example 5, and is 
15 hereinafter described in detail. 

Fig. 12 shows an example in which a letter "H" is displayed 
on the TFT-LCD panel, and the letter "H" begins to be displayed 
from a picture element located at (n+l)th row and (m+5)th line 
(train) on the TFT-LCD panel filled with the picture elements 
20 each composed of one liquid crystal cell of red (R) , green (G) , 
blue (B) . Thickness of the letter is formed of two picture 
elements . 

Fig. 13 shows enlargedly the region in and around the 
picture element located at (n+l)th row and (m+5)th line (train) 
25 in Fig. 12 (i.e., portion surrounded by the solid line in Fig. 
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12) . Supposing that logical level of the data for displaying 
the picture element located at (n+l)th row and (m+4)th line 
(train) is L and that logical level of the data for displaying 
the (m+5)th and (m+6)th lines (trains) is H, the data of the 

5 (m+4)th and (m+5)th lines (trains) are changed as shown in Fig. 
14 in the display data transfer, if the display data transfer 
is performed in the conventional manner. That is, 18 bits are 
simultaneously changed in the number of change of data from the 
data of (m+4)thline (train) to the data of (m+5)thline (train), 

0 and likewise 18 bits are simultaneously changed in the number 
of change of data from the data of (m+6)th line (train) to the 
data of (m+7)th line (train). On the other hand, number of 
change of data according to Example 5 of the invention is shown 
in Fig. 15. 

5 In Example 5, as the data are changed so that the RGB data 

buses have time lags Dl, D2, respectively, number of data 
changing simultaneously with the change from the data of (m+4 ) th 
line (train) to the data of (m+5)thline (train) is 6 bits, which 
is reduced to 1/3 as compared with the conventional method. In 

0 the same manner, number of data changing simultaneously with 
the change from the data of (m+6)th line (train) to the data 
of (m+7)th line (train) is only 6 bits. 

Fig. 16 shows what the number of change of data at the 
time of data transfer becomes in Example 6. 

5 It is understood that, in Example 6, the maximum number 
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of change of data is also 6 bits as shown in the drawing, which 
is reduced to 1/3 as compared with the conventional method, and 
the same advantage as Example 1 can be performed. That is, when 
carrying out the data transfer so that all 18 bits of RGB data 
5 are simultaneously changed, the disperse of changes of current 
flowing through the data buses shown in Fig. 10 according to 
Example 1 of the invention is achieved also in Example 6, whereby 
electromagnetic field noise is reduced as a matter of course. 

Then, it is supposed that the letter "H" is formed by each 
10 of the picture elements arranged in order of G, B, R, as shown 
in Fig. 17, instead of those arranged in order of R, G, B, and 
displayed on the LCD panel. 

In this case, data are changed from L to H not from (m+4 ) th 
line (train) to (m+5)th line (train) but from (m+5)th line 
15 (train) to (m+6)th line (train) in the R data bus. 

At this time, number of change of data in Example 5 is 
6 bits at every timing as shown in Fig. 18. On the other hand, 
in this Example 6, the maximum number of change of data is 4 
bits as shown in Fig. 19. 
20 in other words, the maximum number of change is further 

reduced by 2 bits as compared with Example 5, and it is a matter 
of course that the electromagnetic field noise is further 
reduced as compared with Example 5. 

As described above, in case of reducing electromagnetic 
field noise by dispersing a charge and discharge current of load 
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capacity flowing through the output circuit of the LCD timing 
controller IC and the data bus by setting a time lag in the change 
of RGB display data, the electromagnetic field noise can be 
reduced more by dividing the RGB data duration into plural parts 
5 and setting a time lag between one part and another than by 
causing the timing of change to have a time lag between one RGB 
data bus and another. 
Example 7 . 

Though an example in which RGB display data are formed 
10 of 6 bits is shown respectively in Examples 5 and 6, it is also 
preferable that the display data are formed of 8 bits. 

Fig. 20 is a chart of the timing of changing the transfer 
display data formed of 8 bits showing Example 7. 

Then, amount of time lags Dl, D2, .... in case of delaying 
15 the timing for changing the display data is decided. As shown 
in Fig. 10, in case of using a delay circuit for delaying the 
timing for changing the data, when amount of delay is large, 
circuit scale of the delay circuit is enlarged, and circuit 
scale of the LCD timing controller IC is also enlarged, which 
20 eventually results in a disadvantage of increasing cost and 
power consumption. 

On the other hand, it is required that the amount of time 
lag is as small as possible so as not to sample any erroneous 
data in the sampling of RGB data of the LCD source driver IC 
25 215. 
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The current data setup time and data hold time of the 
ordinary LCD source driver IC 215 are both 4 to 6 nS. Clock 
period of data transfer is about 25 nS in SVGA. 

Accordingly, the time allowed for adjusting the timing 
5 of RGB data is 17 nS obtained by subtracting data setup time 
4 nS, for example, and data hold time 4 nS, for example, from 
25 nS of clock period. 

That is, when the timing for changing RGB data is divided 
into three timings of RGB, maximum allowable value of each time 

10 lag Dl, D2 is 17 v 2 = 8.5 nS. In case of XGA, data transfer 
clock frequency is about 65 MHz and period is about 15.4 nS . 
When the timing for changing RGB data is divided into three 
timings of RGB, maximum allowable value of each time lag Dl, 
D2 is 3 . 7 nS which is a half of 7 . 4 nS remaining after subtracting 

15 8 nS which is a total of setup time and hold time of the source 
driver. in case of SXGA, data transfer clock 

frequency becomes higher, but generally the frequency is 
lowered by arranging the buses of RGB data in dual port, and 
therefore 6.5 MHz which is the transfer frequency used in case 

20 of XGA is maximum frequency actually used. 

On the other hand, in the TFT-LCD panel as shown in Fig. 
24, the data bus line between the LCD timing controller IC 211 
and the LCD source driver IC 215 is generally arranged on a 
printed wiring board. 

25 To avoid a strain of signal line for data, clock, etc., 
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an impedance matching is performed . In the printed wiring board 
popularly used, an impedance thereof is set to about 50 Q and, 
therefore, the output impedance of the LVD timing controller 
IC 211 is also set to about 50Q. 

The source driver IC 215 is generally manufactured by CMOS 
process, and input capacity thereof is in the range of about 
4 to 6 pF, and when calculating a time constant from these values , 
50 Q X 4 pF = 2 nS. Comparing the time 2 nS obtained from the 
impedance of the data line with the maximum allowable timing 
regulation time 3.7 nS, there still remains a difference of 1.7 
nS . However, it is desirable to consider this 1 . 7 nS as a margin 
and that minimum value of each time lag Dl, D2 to be given to 
the timing for changing the RBG data is 2 nS. 

Consequently, in the drive method of the liquid crystal 
display according to the invention, for the purpose of reducing 
unnecessary radiation noise due to the change of RGB data, when 
the transfer is performed by setting a time lag little by little 
to the timing for changing data, it is proposed that each time 
lag is set to be 2 nS or longer. 
Example 8. 

Fig. 21 is a block diagram showing a data delivery of the 
liquid crystal display according to this example. 

In the drawing, reference numeral 315 designates signal 
lines of the output section of the dedicated IC serving as a 
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data supply circuit. Number of the signal lines is 3n 
corresponding to number of bits, and 315i to 3153n bits are 
provided. Each n bit is formed of each of the three colors, 
red, green and blue. Numeral 316 designates a comparator- 

. 5 detector circuit for comparing polarity of bit provided on the 
dedicated IC side. Numeral 317 designates a control circuit 
A on the dedicated IC side serving as a first control circuit, 
and to which signals of green and blue are inputted. This 
control circuit A 317 controls the outputs of green and blue 

10 by a control signal A from the comparator-detector circuit 316. 

Numeral 318 designates a control circuit B serving as a 
second circuit on the source driver IC side being a drive circuit, 
and to which output of the control circuit A 317 and signal of 
red are inputted. This control circuit B 317 controls the input 

15 of red and the output signal of the control circuit A 317 by 
the signal A from the comparator-detector circuit 316. Numeral 
319 designates a data processing circuit on the source driver 
side, and to which outputs of the red signal line and the control 
circuit B 318 are inputted. 

20 Delivery of data in the liquid crystal display of above 

arrangement is performed in the following manner. 

The red signal line is wired in the comparator-detector 
circuit 316, and comparison with the green or blue signal line 
is performed for each bit. Only when signal lines of each bit 

25 of green and blue are coincident to the signal line of red bit 
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in the aspect of polarity, the control signal A which is an output 
of the comparator-detector circuit 316 becomes "1" and 
delivered to the control signal A 317. In addition, a group 
in which red, green and blue are compared for each bit is formed 
5 in the comparator-detector circuit 316. 

At this time, when the control signal A from the 
comparator- detector circuit 316 is "1", the output of the 
control circuit A 317 for controlling the outputs of green and 

0 blue is fixed to LOW, and the data of red, green and blue are 

?y 10 represented by the data of red. 

1 n 

g ^ The source driver circuit side is also provided with 

Q 

m another control circuit B 318, and the control signal A from 

□ the comparator-detector circuit 316 is used also to control this 

fy circuit. That is, only when the control signal A is "1", the 

C 5 15 control circuit B 318 is operated, and the data of red is 
outputted to the data line of green and blue to be delivered 
to the internal data processing circuit 319. 

That is, 3n bit data is replaced by n bit data, thus all 
data can be covered by 1/3 data. 
20 When polarity of the data is not coincident in the 

comparator-detector circuit 316, the control signal A becomes 
u 0" , and the data of green and blue are outputted to the control 
circuit A 317 as they are, and inputted to the data processing 
circuit 319 through the control circuit B 318. 
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